Background-Since the 2008 inception of universal childhood influenza vaccination, national rates have risen more dramatically among younger children than older children and reported rates across racial/ethnic groups are inconsistent. Interventions may be needed to address age and racial disparities to achieve the recommended childhood influenza vaccination target of 70%.
Introduction
Since 2008, recommendations for annual influenza vaccination have included all children aged 6 months and older. 1 Although vaccination rates among younger children have nearly reached or exceeded the national target of 70%, 2 rates among older children are disappointingly low. For example, infants (aged 6-23 months) are most frequently vaccinated (77%), followed by preschoolers (aged 2-4-years, 66%), young children (aged 5-12 years, 59%) and older children (aged 13-18 years, 43%). 3 Similar rates in the younger age groups and lower rates in the older age groups were reported in a study of urban children in a single city. 4 Research examining age disparities is scant, but they may be explained by lower contact with the healthcare system among older children. In a study of children aged 6-23 months, those with more frequent contact with the practice during influenza season were more likely to be vaccinated. 5 It is unknown whether intervention strategies designed to increase childhood influenza vaccination rates are effective for children of all ages because most of the intervention studies that have included several age groups predate universal vaccination and focus either on infants or high-risk older children. One recent RCT using text message reminders for influenza vaccination reported significant increases in rates among younger children but not among those aged 5-18 years. 6 In addition to age disparities in influenza vaccination rates, there is some evidence of racial disparities. In adults, most non-white groups have reported lower influenza vaccination rates than non-Hispanic whites (34% for Hispanics, 36% for blacks, 45% for Asians, 41% for American Indians/Alaska Natives, and 45% for whites), 3 whereas, national data for 2012-2013 among children aged 6 months-17 years indicated that Hispanic (61%), Asian (66%), and black (57%) children all had higher vaccination rates than non-Hispanic white (54%) and American Indian/Alaska Native (53%) children. 3 Thus, national data reveal that overall rates in 2012-2013 were higher and racial differences were smaller among children than among adults.
Other research among children in specific locales has demonstrated varying differences in influenza vaccination rates across racial groups, with: (1) no differences reported between black and Latino low-income children 7 ; (2) higher rates among white children than black children in inner-city practices 8, 9 ; (3) higher rates among white children than Latino and non-Latino black children in practices in low-income urban communities 4 ; and (4) higher rates among Asian and Hispanic children than among non-Hispanic white children in community health centers. 10 Three of these studies were conducted before universal vaccination, [7] [8] [9] and two 4, 10 were based on data collected during the first year of universal vaccination recommendations. As with age disparities, the effectiveness of interventions to raise childhood influenza vaccination uptake across racial groups is unknown. The purpose of this study is to determine whether an intensive intervention based on a toolkit of strategies (the 4 Pillars Toolkit, pittvax.pitt.edu/childflu/papertoolkit), implemented in primary care practices in a cluster randomized controlled trial, was effective for increasing the proportion of children who received influenza vaccine across various age and racial groups in 2011-2012.
Methods
This randomized cluster trial was approved by the University of Pittsburgh IRB.
Sites
Twenty primary care pediatric and family medicine practices from two practice-based research networks and one clinical network in Southwestern Pennsylvania were solicited for participation. All sites were part of the UPMC Health System and used a common electronic medical record (EMR), EpicCare, with the exception of one practice with two offices that used a different EMR system (Allscripts Professional). Participating practices were stratified by location--inner city, urban, suburban, and rural.
Cluster Randomization
Cluster randomization allocates units or groups rather than individuals to the intervention arms 11 ; hence, each practice or office was considered to be a cluster for randomization purposes. To be eligible, the office must have had a patient population of children aged 6 months-18 years, access to vaccination data via an EMR, and willingness to make office changes to increase influenza vaccination rates. Practices were stratified by location and within each stratum, were randomized into the Intervention or Control arms (Figure 1 ).
Interventions
The intervention has been previously described, 12 in which all CONSORT criteria for a cluster randomized controlled trial 11 have been met. The intervention was based on the 4 Pillars Toolkit, a practice improvement toolkit that was developed for use in raising adult immunization rates 13, 14 and recommends strategies around four key elements: Pillar 1, Convenient vaccination services; Pillar 2, Notification of patients about the importance of immunization and the availability of vaccines; Pillar 3, Enhanced office systems to facilitate immunization; and Pillar 4, Motivation through an office immunization champion who monitors progress and encourages adherence to vaccination-promoting office practices. Intervention sites were encouraged to increase the length of the influenza vaccination season by vaccinating as soon as vaccine supplies arrived. Intervention sites received donated vaccines for vaccinating disadvantaged children until practices received their Vaccines for Children (VFC) supplies. This allowed Intervention sites to capitalize on early season visits to vaccinate children who would normally need to return to the office later in the season when VFC vaccine became available. Appendix Table A-1 shows the strategies used by the practices.
Data Collection and Analysis
De-identified demographic and influenza vaccination data were derived from EMR data extractions performed by the UPMC Center for Assistance in Research using the eRecord and the EMR of the non-UPMC sites following the 2011-2012 influenza season.
Descriptive analyses were performed for selected patient demographic characteristics (age, sex, race, and health insurance). Chi-square tests were used to examine whether children's characteristics differed between the Intervention and Control arms. Influenza vaccination was calculated for the pre-intervention and intervention years. The denominator was defined as the number of children who had been seen at least once during a 12-month period in each year (3/1/2010-2/28/2011 for the pre-intervention year and 3/1/2011-2/29/2012 for the intervention year) to capture only active patients in the practice. The numerator for each year was defined as the number of children who had received at least one dose of influenza vaccine during that influenza season (8/1/2010-2/28/2011 for the pre-intervention year and 8/1/2011-2/29/2012 for the intervention year). The proportion of children vaccinated against influenza in the pre-intervention and intervention years were compared within each intervention arm, overall and by age and race, using chi-square tests. Within years, proportions vaccinated across age and racial groups were also compared using chi-square tests.
Pre-intervention to intervention change in influenza vaccination uptake for each site were calculated. The average differences in influenza vaccination uptake were compared between intervention arms overall, by age, and by race. Within each arm, changes in vaccination uptake from pre-intervention to intervention were compared using paired t-tests. These within-arm differences were compared between Intervention and Control arms using t-tests.
To determine which patient and site characteristics were related to likelihood of childhood influenza vaccination while accounting for the clustered nature of the data, two-level generalized linear mixed modeling was conducted using influenza vaccination status (vaccinated versus not vaccinated) as a binary outcome variable. The Level 1 independent variables were age, race, and health insurance, which were divided into two categories, public/uninsured and private. The Level 2 independent variables were pre-intervention vaccination rate calculated to account for age, race and insurance status, and intervention arm (Intervention versus Control). A random intercept model with compound symmetric covariance structure was chosen as the final model based on the lowest value of the Akaike information criterion. Estimates and within-cluster independence were obtained and tested using residual pseudo-likelihood methods. Furthermore, in order to assess whether the intervention was effective across age and racial groups, we examined three interaction terms: (1) age by intervention; (2) race by intervention; and (3) age by race and intervention in separate regression models. The statistical analyses were conducted using SAS, version 9.3 (SAS Institute Inc., Cary NC). Statistical significance of two-sided tests was set at type I error (alpha)=0.05.
Results

Demographics
Twenty primary care practices were randomly assigned to either the Intervention or Control arm. Two Control sites dropped out of the study and were replaced with two other sites with similar characteristics and those data were used for all analyses. Table 1 summarizes the characteristics of sites during the pre-intervention year. The Intervention and Control arms did not differ significantly by percentage of non-white children, percentage of children publicly or self-insured, percentage of female patients, or age distribution.
Vaccination Uptake
Pre-intervention influenza vaccination uptake in both Intervention and Control arms was significantly higher among younger children than older children (p<0.001) and among whites compared to non-whites (p<0.001) ( Table 2 ). During the intervention year, vaccination uptake improved significantly across all age and racial groups in both Intervention and Control arms as indicated by the combined levels shown in Table 2 .
Because sites varied considerably in the racial distribution of their patient populations, each site was examined separately to compare influenza vaccination uptake by race. At preintervention, racial disparities in vaccination were statistically evident in eight Intervention sites and nine Control sites and the average proportion vaccinated was 15.9 percentage points (pct pts; 49.6 minus 33.7, p<0.001) higher for white compared with non-white children in the Intervention arm and 11.9 pct pts higher (48.3 minus 36.4, p<0.001) for white compared with non-white children in the Control arm (Table 2 ). During the intervention season, racial disparities remained in four of ten Intervention sites and six of ten Control sites, and the average uptake among Intervention sites was 4.1 pct pts (55 minus 50.9, p<0.001) higher among white children than non-white children compared with 14.8 pct pts (51.9 minus 43.1, p<0.001) higher vaccination uptake among white children than non-white children in Control sites ( Table 2 ).
The average vaccination differences from pre-intervention to the intervention year are shown in Table 3 . These differences were significantly larger in the Intervention arm than the Control arm overall (9.9 pct pts Intervention vs 4.2 pct pts Control, p<0.01), for children aged 9-18 years (11.1 pct pts Intervention vs 4.3 pct pts Control, p<0.05), and for non-white children (16.7 pct pts Intervention vs 4.6 pct pts Control, p<0.001). The average increase in uptake in the Intervention arm for non-white children was twice that of white children (16.7 pct pts vs 8.1 pct pts, p<0.05), whereas, in the Control arm, the average increase in uptake did not differ between non-white and white children (4.6 pct pts vs 3.7 pct pts). These findings indicate a differential effect of the intervention on non-white children. The number of doses given in the Intervention and Control arms was also examined (data not shown). In the Control arm, there was no significant change in the number or percentage of doses given to white and non-white children, with 18% of doses given to non-white and 82% given to white children both years. In the Intervention arm, 20% of 24,176 doses (4,866) were given to non-white children in the pre-intervention year, increasing to 25% of 29,074 doses (7, 280) in the intervention year (p<0.001), suggesting that more of the additional doses given overall reached non-white children.
The results of regression analyses with a base model and models with significant interaction terms are shown in Appendix Table A-2. In regression analyses, patient-level variables of race, age group, and insurance type were significantly related to vaccination status, with white children, those aged 6-23 months, white, and privately insured children more likely to be vaccinated than those in comparison groups (p<0.01). Among practice-level variables, higher pre-intervention vaccination rate and being in the Intervention arm significantly increased the likelihood of vaccination (p<0.05).
Additional analyses were conducted to examine possible interactions among age, race, and intervention. The interaction terms were statistically significant (p<0.01) in all three models (Table A-2). The ORs and 95% CIs for interaction terms are summarized in Table 4 . The model with the age and intervention interaction term indicates that the intervention was not significantly effective in raising influenza vaccination rates for the 2-8-year-old group compared with the same aged children in the Control arm, but was effective for children aged 6-23 months and 9-18 years. In the model including the race and intervention interaction term, the intervention was shown to be effective for both white and non-white children. The model including age, race, and intervention interaction term was found to significantly increase the likelihood of vaccination for non-white children in all age groups and for white children aged 9-18 years. Non-white children of all ages in the Intervention arm were 32%-45% more likely to be vaccinated than their counterparts in the Control arm while controlling for health insurance, percentage of the practice that was non-white, and the practice's pre-intervention vaccination rate. White children aged 9-18 years in the Intervention arm were 18% less likely to be vaccinated than their counterparts in the Control arm.
Discussion
Since the 2008 recommendations by the Advisory Committee on Immunization Practices for universal influenza vaccination of all children aged 6 months and older, little research has been published on efforts to increase uptake across the childhood age spectrum. Stockwell, et al. 6 used text messages to increase influenza vaccine uptake 3.7% across all ages, with significant increases only among children <5 years old. The present study used a package of interventions including a practice improvement toolkit to raise influenza vaccination rates among all children aged >6 months in pediatric and family medicine practices. These intervention strategies included community-wide publicity and education, early delivery of donated vaccine for low-income children, in-service meetings to engage staff in the effort, and immunization rate tracking provided to an in-office immunization champion, among others. As previously reported, this intervention resulted in significant overall increases in influenza vaccination uptake in eight of ten intervention sites, a final Intervention arm vaccination rate of 54%, and significantly larger increases in mean uptake in the Intervention arm than the Control arm. 12 However, those results did not examine rates by age and racial group, whereas the present study did.
National observational data indicate that influenza vaccine uptake in 2012-2013 had increased to 77% among 6-23-month-olds, 66% among 2-4-year-olds, 59% among 5-12-year-olds, and 43% among 13-18-year-olds. 3 Studies of interventions to increase influenza vaccination among all children aged 6 months-18 years were difficult to identify, but one intervention study reported intervention group rates of 59% among 6-23-month-olds, 46% among 2-4-year-olds, and 27.8% among 5-18-year-olds. 6 Significant increases in vaccination rates among children aged >5 years were not observed. In unadjusted analyses, the 4 Pillars Toolkit intervention was successful in raising the proportion of children vaccinated against influenza in 2011-2012 among all age groups (i.e., 75% for children aged 6-23 months, 58% for children aged 2-8 years, and 43% among children aged 9-18 years). Although the comparative age groupings differ somewhat, national rates did not reach these levels until 1 year later. 3 Moreover, the practices participating in this study serve a sizable proportion of disadvantaged children, whose representation is unknown in the national rates.
Racial disparities in influenza vaccination rates among adults are well documented, whereas among children, the data do not consistently favor one racial or ethnic group, suggesting that national data may mask differences in uptake in specific geographic areas. Low vaccination rates and disparities in vaccine uptake among any racial or ethnic group require attention. Yet, few studies of interventions to increase childhood influenza vaccination have examined the effectiveness of an intervention across racial or ethnic groups. 8, 9 In this study, children in practices with a greater proportion of non-white children were more likely to be vaccinated than in practices with fewer non-white children, when controlling for other factors. The Intervention practices with greater proportions of non-white children were the same practices with the largest percentage of non-commercially insured children, which itself was significantly related to lower likelihood of vaccination. However, analyses that accounted for interactions among age, race, and intervention, and controlled for insurance type, showed that non-white children in Intervention practices were 32%-45% more likely to be vaccinated than non-white children in Control practices. In fact, practices that had the largest proportions of non-white and publicly insured children generally achieved the largest increases in overall uptake. Some aspects of the intervention might explain these findings. One of the team members made numerous visits to social service and community agencies and places of worship frequented by the local black community to promote influenza vaccination both directly and indirectly through the organizations' leadership. This type of promotion could affect both Intervention and Control sites. Secondly, Intervention sites were given donated influenza vaccine and preferential early delivery of VFC influenza vaccines to enable them to use early season visits to vaccinate low-income children. Finally, previous research has shown that increasing vaccination rates among all patients in a practice can eliminate racial differences in vaccination rates that were observed pre-intervention. 15 This phenomenon may help to explain the larger increases in vaccine uptake among older children observed in this study. Additional research studies that compare intervention effectiveness across a broader racial/ethnic spectrum as well as all childhood age groups are warranted.
Strengths and Limitations
To date, this study is one of few trials to examine the effect of an evidence-based intervention on childhood influenza vaccination rates across age and racial groups. Only one previous non-randomized study was identified that looked at the relationship of a similar set of interventions in a toolkit on rates among high-risk children and adolescents. 16 The present study's limitations included the fact that two offices of one rural practice were each randomized into the Intervention and Control arms, which may have resulted in some carryover of the intervention to the Control site. Children aged <9 years who received at least one dose of vaccine were counted in the numerator as "vaccinated," as we were unable to determine which children were first-time vaccinees and required two doses.
Conclusions
Implementation of a multi strategy intervention that includes a practice improvement toolkit can significantly improve vaccination rates across several age and racial groups and is especially effective in practices with large percentages of minority children. It may be possible to improve influenza vaccination rates among children of all ages and racial/ethnic groups without efforts targeted to specific subgroups.
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